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Abstract

Introduction

Cold stage scanning electron microscopy (cryoSEM), transmission electron microscopy (TEM) and
light microscopy (LM) were used to examine the effect
of NaCl (2.5%), MgC12 , CaC1 2 , KCl, LiCl (calculated
ionic strength, IS = 0.43) and 1.5% NaCl (IS = 0.26)
on the microstructure of comminuted raw meat batters
(fat added) and comminuted meat mixes (no fat added).
Cryo-SEM revealed that comminuting the lean meat with
different chloride salts resulted in the formation of different types of gel structures. Differences were mainly
in gel strand thickness, the degree of interlinking between strands and the size of pores within the gels. KCl
and 1.5% NaCl formed multi-component, mixed gels in
the lean meat system, but formed more uniform gels
when fat was added. The other chloride salts produced
similar types of gels in both the lean meat mixes and
meat batters.
Monovalent salts resulted in a good
distribution of fat globules in coherent matrices.
The divalent salts were shown to promote protein
aggregation in raw batters. The CaC1 2 batter showed
some fat instability but the fat channels were not well interconnected. MgC1 2 caused widespread fat channelling
and matrix disruption which was also visible by LM.
The results . indicate that some gel formation occurs in
meat batters prior to cooking and suggest that the type of
gel formed may depend on the relative amounts and type
of protein in the aqueous phase. It appears that MgC1 2
destabilizes batters by causing extensive pre-cooking
protein aggregation while CaC1 2 destabilizes batters by
increasing protein-protein interaction during cooking.

Finely comminuted meat products have enjoyed a
high degree of acceptance in North America because of
their distinctive texture and flavour (Pearson and
Tauber, 1984). However, recent consumer preference
changes have made it desirable for the meat industry to
move towards the production of reduced fat and sodium
products. There is also an increasing number of nonmeat ingredients which can be used to modify/improve
the physical properties of meat products and or increase
profitability. Consequently, it is important to gain a
proper understanding of the mechanisms by which comminuted meat products are stabilized in order to effectively manipulate production to satisfy perceived needs.
Meat products made by the incorporation of small
fat particles into a lean meat-salt-water mixture have
been referred to as meat emulsions (Hansen, 1960) oralternatively, as meat batters (Lee, 1985). This difference
in nomenclature reflects the existence of two theories to
explain the stabilization of finely comminuted products:
a) the emulsion theory which emphasizes the role of an
interfacial protein film (IPF) around fat globules that
stabilizes them during processing (Jones, 1984), and b)
the physical entrapment (gelation) theory which proposes
that the gel forming ability of the salt soluble myofibrillar proteins is the major determinant of meat batter stability. There is strong evidence that the physical properties of the fat used as well as the gelation of meat proteins are critical to fat and water holding and texture in
cooked meat batters (Lee, 1985; Foegeding, 1988).
However, several studies have shown that emulsification
via an IPF is also important (Hansen, 1960); Borchert et
al., 1967; Jones and Mandigo, 1982; Gordon and
Barbut, 1989).
Recent work in our laboratory has shown that interactions between the IPF and the gel matrix proteins
occur and influence batter stability (Gordon and Barbut,
1990a,b). Consequently, a study of the process of gel
formation could further clarify the complex interactions
taking place within meat batters. Generally, discussions
on gelation focus on heat-induced gelation. There is
very little published work on low temperature gelation
in red meat systems but low temperature "setting"
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(gelation) is known to occur in fish-based surimi
products with or without the addition of NaCl (Beas et
al., 1988; Hunnigar et al., 1988) and has been attributed
to the lower thermal stability of fish proteins (Lanier,
1985). ~owever, it has been shown with myosin from
red meat and poultry that spontaneous gels could be
formed at low temperatures as a result of a high concentration of inorganic salts (Nakayama et al., 1983) or by
manipulating pH (Fretheim et al., 1985; Hermansson et
al., 1986). With respect to comminuted meat systems,
Hermansson (1986) and Dockerty et al., (1986) published light micrographs which show that some kind of
protein network structure exists in raw batters and
Gordon and Barbut (1990a) demonstrated that pre-cooking gelation does occur in commercial-type meat batters.
In previous studies, the effect of different chloride salts on meat batter stability and the role of emulsification via the IPF in stabilizing cooked meat batters
were explored (Gordon and Barbut, 1989, Gordon and
Barbut, 1990b). Hence, the major objective of this
study was to investigate the occurrence of low temperature gelation in comminuted meat systems. Other objectives were to examine the influence of chloride salts on
raw batter microstructure and to gain further insights
into the different mechanisms by which MgC1 2 and
CaC1 2 destabilize meat batters.

meat mix without added salt was also prepared. A table
top vacuum tumbler (Lyco, Madison, WI) was used to
remove air bubbles trapped during comminution (Gordon
and Barbut, 1989). This reduced the occurrence of air
pockets within the meat batter when viewed by light or
electron microscopy. The pH of the batters was determined in duplicate as previously described (Gordon and
Barbut, 1989) and is reported in Table 1.

Microscopy
The comminuted meat mixes and meat batters
were prepared for cold stage scanning electron microscopy (cryo-SEM) following the procedure previously
described (Gordon and Barbut, 1990a). Briefly, specimens for cryo-SEM were taken from within the meat
mixes or batters (to avoid any effects caused by surface
dehydration), affixed to sample holders using Tissue Tek
(Miles Scientific, Naperville, IL), and put into the transfer device of the cryo system (Emscope, SP2000A System, Kent, England) . The specimens were rapidly
frozen by immersion into a liquid nitrogen slush. They
were then transferred to the cryo-preparation chamber
(-l70°C), fractured, etched at -80 °C for 10 minutes, and
sputter coated with 30 nm of gold/palladium. Samples
were examined in a Hitachi S-570 SEM operating at 10
kV, while the microscope stage was kept at -165 °C.
For transmission electron microscopy (TEM)
sample preparation, the procedure described in Gordon
and Barbut (1990a) was used. Briefly, samples (2 mm 3)
taken from the interior of each of the twelve treatments
were fixed in 2% glutaraldehyde I 1% para formaldehyde
in 0.1 M HEPES buffer (pH 6. 0) for 2 hours, rinsed
with buffer and post-fixed with 1% Os0 4 for 4 hours.
Samples were then rinsed with buffer, dehydrated
through a graded series of ethanols and placed in acetone-Epon resin at ratios of 3:1 and 1:3 for 45 and 60
minutes, respectively. Samples were then infiltrated
with 100% Epon for 24 hours in a desiccator before curing in capsules for 48 hours at 60°C. Sections (70 nm)
were cut with glass knives on a Richert OMU-3 ultramicrotome (Richert, Austria) , picked up on grids and
contrasted with uranyl acetate (10 minutes) and lead
citrate (5 minutes). The sections were viewed in a JEOL
lOOS TEM operating at 80 kV.
For light microscopy (LM), 11-Lm section were cut
from the same tissue blocks as used for TEM. Sections
were transferred to a 1% toluidine blue in borax solution
and stained by heating for 60 seconds. Sections were
then rinsed with three changes of double distilled water
and transferred to slides. The water was evaporated by
heating, and sections were viewed and photographed (at
xlOO magnification) with a Zeiss microscope.
The experiment was designed as a randomized
complete block with two replications. The pH data were
analyzed by analysis of variance (ANOVA) and Tukey's
method (Snedecor and Cochran, 1980) was used to test
for significant differences between the means (SAS, SAS
Inc., NC).

Materials and Methods
Batter Preparation
Six chicken breast meat/pork back fat batters
(25% fat added) and six comminuted chicken breast meat
mixes (no fat added) were prepared with isoionic
strengths of NaCl (2.5% ), MgC1 2 , CaC1 2 , KCl and LiCl
(calculated ionic strength, IS = 0.43) and a reduced
level ofNaCl (1.5% , calculated IS = 0 .26). The 1.5%
NaCl was used to provide a batter with borderline stability (Whiting, 1984). The breast meat was obtained with in 12 hour post-slaughter from a local processor, hand deboned, trimmed to remove excess fat and connective
tissue, ground successively through a 9 mm and a 3 mm
plate and frozen at -18 oc for up to one month prior to
use. Partially frozen pork back fat was preground
through a 9 mm plate and refrozen. Proximale analysis
of the meat and fat (AOAC, 1980) was determined in
duplicate (Table 1).
The meat batters were made by comminuting the
meat and each different salt (Fisher, Ontario, Canada) in
a bowl chopper (Schneidemeister, SMK 40, Germany) at
the high speed setting for 1.5 minutes after which the
water, followed by the fat, was added. Comminution
was continued to give a total chopping time of 5 minutes. The final temperature did not exceed 12 oc in any
of the treatments. The comminuted breast meat mixes
were prepared in a similar manner except that no fat was
added. All treatments for all replicates were made from
the same meat source (a composite of ground breast meat
from 30 birds) and were formulated with 6% added
water. In addition to these treatments, a comminuted
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Table 1. Composition and pH of Raw Meat Batters
prepared with Five Chloride Salts and Proximate
Analysis of Ingredients.
Ingredients (%)

Treatmentsf

In contrast, 1:5% NaCl (Fig. 1C) and KCl (Fig.
1D) seemed to result in the formation of multicomponent, mixed gels. These are gels in which more than
one gel forming component exists (Foegeding, 1988).
The structure formed by the 1.5% NaCl consisted of a
larger, thick-stranded gel combined with a thin-stranded
gel with small pores. These two networks appeared to
be continuous with each other and therefore shared some
common junction zones. The KCl-induced gel was also
composed of a larger, thick-stranded gel combined with
a smaller, thin-stranded gel. However, with KCl, both
networks appeared to be mutually incompatible and
therefore formed a phase separated gel system as described by Oaken full ( 1987) . The thick-stranded gel in
both the 1.5% NaCl and KCl treatments appeared to be
similar to the gel produced by 2.5% NaCl (Fig . lA).
Hence , although all monovalent chloride salts appeared
to form fairly cohesive, strong gels, they resulted in
different gel structures.
Von Rippel and Wong (1962) observed that alkali
metal halides modify their environment mainly by ionion and ion-dipole interactions. The mechanism suggested involved modification of the solvent properties of
water by the electrolyte rather than direct interaction of
the ion with the macromolecule itself. However, it is
known that some alkali metal ions interact directly with
protein to promote structure formation (Hamm, 1970;
Asghar et al., 1985). Consequently, it may be that thP.
action of alkali metal halides on meat proteins is a combination of direct cation -protein interaction and their potency as water structure-modifiers . This would account
for the unique action on meat proteins which each of the
chloride salts displays (Fig. 1). Using electron-proton
resonance (EPR) , Cheung and Cooke (1971) showed that
myosin has a different conformation in NaCl, KCl and
LiCl solutions . They found that LiCl disrupts the structure of myosin more than NaCl, which is more disruptive than KCI. They suggested that KCl results in the
most open structure of the three salts. This is in fact
what was observed in this study (Fig. 1).
The divalent chloride salt treatments had gel
structures which were very different from each other.
The MgC1 2 -indu ced gel network (Fig . IE) had larger
pores than the 2. 5% N aCl lean meat gel and consisted of
strands of irregular thickness, some of which were not
connected to other strands (these are terminal strands).
In contrast, CaC1 2 formed an extremely fine gel structure with numerous, highly interlinked strands and some
closed areas (Fig. IF). The pores were small and many
terminal strands were evident. The differences observed
in the microstructure of comminuted meat gels formed
by CaC1 2 and MgCl 2 indicate that they may act by different mechanisms to cause low-temperature gelation.
The pH of meat products can influence their physical properties. Fretheim et al. ( 1985) reported that
final pH values decisively affected pH-induced gelation.
The pH of both divalent salt batters (and therefore their
comminuted meat mixes) was significantly lower (p <
0.05) than that of the monovalent halide salt treatments

pH

Meat

Fat

Water

1.5 % NaCle

69

25

6.0

5.89a

2.5% NaCl

69

25

6.0

5.89a

1.35% MgC1 2

69

25

6.0

5.72c

1.58% CaC1 2

69

25

6.0

5.38d

3 . 19% KCl

69

25

6.0

5.91a

1.18% LiCl

69

25

6.0

5.83b

Protein

22.9

5 .9

Water

75.4

16 .7

Fat

0 .5

77 .4

Ash

1.1

0.2

Proximate Analysis

a-d :

e:
f:

mean pH ; by different superscripts in the same column indicate significant difference between means
(p < 0.05) .
salts added to batters in the percentages (of total
batter weight) as indicated .
comminuted meat mixes contained 94% meat , 6.0%
water and the same amounts of each salt (by weight)
as shown above since no fat was added . Treatments
formulated to gi ve a cal culated IS of 0.43 .
Results and Discussion

Comminuted Meat Mixes
The addition of various monovalent and divalent
chloride salts during comminution produced ordered gel
structures in the comminuted meat mixes (Fig. 1). This
confirms suggestions that structure formation in meat
systems could occur before heating (Hermansson et al. ,
1986) and supports the results of an earlier study on raw
batter microstructure (Gordon and Barbut, 1990a).
Comminution of chicken breast with 2.5% NaCl
produced a gel network which had relatively thick
strands and an open structure with large pores (Fig. 1A).
Although LiCl formed an open, well ordered gel with
many interconnecting strands (Fig. lB), the gel had
smaller pores and tended to have more thin strands than
the 2.5% NaCl-induced gel. Both of these gels were
uniform in appearance .
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Figure 1. Scanning electron micrographs (SEM) of raw comminuted lean meat mixes made with five chloride salts.
A) 2.5% NaCl; B) 1.81% LiCl; C) 1.5% NaCl; D) 3.19% KCl; E) 1.35% MgC12 ; F) 1.58% CaC1 2 . s- thick protein
strand; th - fine-stranded gel; T - terminal strands; p - pore; bar = 2 JLffi.
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Figure 2. SEM of raw comminuted chicken breast, no salt added A) low magnification showing semi-ordered structure;
bar = 6 11m; B) higher magnification: note lack of thin strands and a few pores; bar = 2 11m.
than the Ca 2 + ion and is therefore a more potent electrophile. This suggests that Mg 2 + would be more easily
bound directly by meat proteins. It therefore appears
that the Mg 2 + ions may affect the proteins extracted
during comminution by promoting intermolecular
bonding mainly through the formation of salt bridges
(Hamm, 1970). These localized, strong interactions will
result in a coarser, aggregated-type structure
(Hermansson, 1986), based mainly around the Mg 2 + ion
itself. Aggregation is a colloidal phenomenon and small
changes in surface charge may affect the size of the units
formed (Hermansson et al. , 1986). This would explain
the more open, porous structure of MgC1 2 un·cooked gels
(Fig . IE) compared to CaCl 2 gels which are more tightly
woven (Fig. 1F) .
The Gelation Phenomenon
In addition to forming gel structures when salts
were used during chopping, it was found that comminution of meat without the addition of a salt also resulted
in the formation of a gel-like structure (Fig . 2A).
However, examination of numerous fields and the use of
higher magnifications (Fig. 2B) showed that the
structure lacked many interconnected strands or large
numbers of capillary openings (pores), both of which are
normally found in food gels.
Instead, very thick
interlinked regions between essentially unextracted
sections of the system were evident. This structure did
not resemble the well ordered gel structures formed
when salts were used during comminution, probably
because very little protein was solubilized during
chopping (unpublished data).
Comminution of lean meat is known to disrupt the
structure of the myofibrils and produce a mixture of
myofibrillar fragments, whole myofibrils and solubilized
proteins (Offer and Trinick, 1983; Jones, 1984). This

(Table 1). However, the microstructure of the MgC1 2
treatment was more similar to that of the monovalent salt
treatments (especially the 2.5% NaCl treatment) than
would be expected if pH was th,e only factor of major
significance (Fig . 1). Likewise , although the pH of the
LiCI treatment was lower than all of the other monovalent salts and higher than MgC1 2 . LiCl still produced
a structure which was closer to CaC1 2 than did MgC1 2 .
This illustrates the importance of exercising caution
when interpreting the effect of different ions on meat
systems with respect to pH . Other studies have shown
that the effects of chloride cations on meat batters cannot
simply be attributed to the differing pH effects (Knipe et
al. , 1985; Gordon and Barbut, 1989)
The differences between MgC1 2 and CaC1 2 in inducing gelation of uncooked comminuted meat systems
may be related to their specific ion effects. Whiting
(1988) noted that transition metals bind to sulphydryl,
imidazole and carbonyl groups and cause a net reduction
in the charge between proteins which may result in coagulation . Side chain bindin~ may be relevant to the action of both Mg 2 + and Ca + ions. However, Cheung
and Cooke ( 1971) reported that Ca 2 + induced larger
changes in myosin structure than any other halide salt
cation examined . Nakayama et al. (1983) observed that
a certain amount of unfolding is desirable to facilitate
spontaneous gelation. While both salts probably disrupt
myofibrillar substructure and induce gelation, CaC1 2 appears to cause more uniform structure formation, possibly because Ca 2 + ions disrupt the proteins to a much
greater extent, thereby facilitating extensive, random intermolecular bonding. Hermansson (1986) indicated that
this mode of action would result in gel shrinkage, which
might explain the tightly woven nature of the CaC12 induced gel. The Mg 2 + ion has a smaller ionic radius
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Figure 3. SEM of raw meat batter gel matrices (fat added) from the six chloride salt treatments. A) 2.5% NaCl; B)
1.81% LiCl; C) 1.5% NaCl; D) 3.19% KCI; E) 1.35 % MgC1 2 ; F) 1.58% CaCI 2 ; f- fat; S - thick strands; th- finestranded gel ; bar = 2 Jlm.
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Figure 4. SEM of raw meat batters made with five chloride salts. A) 2.5% NaCl; B) 1.81% LiCl ; C) 1.5% NaCl;
= 10 11-m.

D) 3.19% KCl; E) 1.35% MgC1 2 ; F) 1.58% CaC1 2 . f- fat; m- matrix; bar
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Figure 5. Transmission electron micrographs (T M) of stable (A and B) and unstable (C and D) raw meat batters
made with chloride salts. A) 2.5% NaCl; B) 1.81% LiCl; C) 1.35% MgC1 2 ; D) 1.58% CaC1 2 . F- fat; M- matrix;
T - tunnel; UF - unstable fat; R - residue of IPF; arrows indicate poor connection between tunnels; Bar = 2 J.tm.
mixture is thought to form a loosely arranged, random
structure (a protein matrix) which gives raw comminuted
meat its rheological properties (Hamm, 1970; Montejano
et al., 1984). However, Figure 1 shows that the structure formed when lean meat is comminuted in the presence of chloride salts is not a loose, random matrix, but
rather a highly organized, interwoven structure. The effect of supplying energy to meat systems prior to cooking has been previously investigated. Xiong and Brekke
(1989) observed a rapid increase in the viscosity of myofibrils extracted from chicken leg, mixed, suspended and
held at 4 °C. Taguchi et al. (1989), working with ultraviolet (UV) light, found that the introduction of energy
into meat systems resulted in interactions prior to cooking which increased the final gel strength . The results
of Solomon and Schmidt (1980) have suggested that the
introduction of mechanical energy into meat systems
could result in the formation of an orderly network
structure . It therefore appears that some myofibrillar

proteins show reduced stability when subjected to mechanical action and consequently have a predisposition
towards spontaneous (low-temperature) gelation.
Gelation in myofibrillar systems has been shown
to result from an initial conformational change in the
proteins involving the exposure of hydrophobic amino
acid residues which facilitates intermolecular association
resulting in gel formation (Lanier, 1985). A conformational change from coiled coil to random coil was found
to occur in pH-induced myosin gels; this transformation
also initiated gelation during the heating of these gels
(Nakayama et al. , 1985) . Taguchi et al. (1989) found
that the introduction of energy into meat pastes caused
increased activation of the actomyosin-linked
MgATPase. This was directly related to an increase in
final gel strength (6S). They postulated that the thermal
activation of the MgATPase resulted in increased myosin-actin binding and was therefore essential to the thermal gelation of meat pastes by UV light. It is therefore
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Figure 6. Light micrographs of raw meat batters made with five chloride salts. A) 2.5% NaCl; B) 1.81% LiCl; C)
1.5% NaCI; D) 3.19% KCl; E) 1.35% MgC1 2 ; F) 1.58% CaC1 2 . F- fat; M- matrix; UF- unstable fat; arrows show
matrix discontinuity; Bar = 20 J.'m.
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conceivable that a similar mechanism may exist for lowtemperature gelation of comminuted meat, with the energy being supplied by the mechanical agitation during
chopping.
Two other major factors may influence the route
by which spontaneous gelation takes place: the net
charge on the proteins and the involvement of protein
other than myosin and actomyosin. The net charge on
the proteins is very important because as repulsive
forces between proteins increase, the tendency to form
ordered, stranded gels is favoured over aggregation
(Hermansson, 1986). This factor will influence the thermodynamics of the gelation process, thus favouring specific types of interactions which will directly impact on
the type of gel formed. The different effects of each
cation due to differences in specific ion interactions with
the meat proteins may be the cause of the visible differences in gel structures produced by different chloride
salts (Fig. 1). Most studies on meat product gelation or
rheology have concentrated on myosin and actomyosin
and ignored the other 'minor' proteins on the premise
that they are not as important because of their high
thermal stability (Asghar et al., 1985). However, factors other than thermal stability may be more important
in low-temperature gelation and recent studies have
found that some minor myofibrillar proteins may be directly involved in gelation or modify myosin or actomyosin gel formation in meat systems (Yamamoto et al.,
1987; Xiong and Brekke, 1989; Gordon 1990).

results suggest that the secondary gels in both batters
were involved in fat binding.
Schut (1978) has shown that fat binding by the
protein matrix alters the physical properties of the batter. Fatty acids have• been shown to enhance the GS of
myosin gels because they appear to increase the electrostatic repulsion between protein chains when bound to
them and therefore facilitate a more orderly pattern of
aggregation on heating (Egelandsdal et al., 1985). It is
possible that this mechanism is also active during raw
batter gelation. Alternatively, it may be that fat functions as a non-gelling polymer in comminuted meat systems and affects the gelation of meat proteins by steric
exclusion effects (Oakenfull, 1987). Hence, it is likely
that the differences observed between comminuted meat
mix gels and meat batter gels (fat present) are due to
modified gelation patterns as a result of protein-lipid
interaction.
Another study conducted in our laboratory found
that myosin and actomyosin are the major proteins extracted in comminuted meat systems (Gordon, 1990).
This study also indicated that several minor myofibrillar
proteins function in IPF formation or play a role in IFFprotein matrix binding and revealed differences in the
levels of minor proteins in the IPF and aqueous phase of
meat batters made with different chloride salts. The
protein composition of the matrix is directly influenced
by the amount and type of proteins extracted into the
aqueous phase during comminution. It can therefore be
inferred that the matrices of the different chloride salt
treatments had differing levels of each of the minor
proteins present. These results indicate that while
myosin or actomyosin may form the major gel present in
all monovalent chloride salt comminuted meat mixes,
another protein (or proteins) may be involved in the
formation of the second gel system present in the 1.5%
NaCl- or KCl-induced comminuted lean meat gels (Figs.
lC and 1D). The protein involved in the thinner gel
network formed in the 1. 5% NaCl treatment appeared to
be different from that in the KCl batter because of its
compatibility with the major gel system as noted earlier
(Fig. lC). In the KCl treatment (Fig. lD) the major
component of the secondary gel network could possibly
be either one or a mixture of the minor, high molecular
weight proteins (Gordon, 1990) which are incompatible
with myosin or actomyosin. The role of these minor
proteins in gel formation and hence their effects on the
final texture and water holding properties of comminuted
meat systems may be important and, as such, needs
further investigation.

Comparison of Comminuted Meat and Meat Batter
Gel Matrices
There were some notable differences in the matrix
structure, pore sizes, and the thickness and type of
strands between some of the lean meat gels and the raw
batters. The 2.5% NaCl, LiCl and MgC1 2 batters (Figs.
3A, 3B and 3E, respectively) had gel matrices which
showed some similarities to those which existed in their
corresponding comminuted lean meat mixes (Figs. 1A,
1B and lE respectively). There were, however, slight
differences in pore sizes and the number of interconnections per strand. The KCl meat batter (Fig. 3D) had a
uniform gel structure with a similar pore size and strand
thickness to the larger of the two gels present in the
phase separated gel system of the KCl-treated comminuted meat (Fig. lD). However, the fine stranded gel
present in the comminuted meat mix was no longer present in the KCl meat batter matrix. It appeared that the
protein which formed the larger gel in the comminuted
meat may have comprised the gel matrix in the meat batter while the protein of the thinner gel may have gone
either into IPF formation or IPF-protein matrix binding.
The 1.5% NaCl batter gel matrix (Fig. 3C) was similar
to that of the comminuted meat (Fig. 1C) in terms of
pore sizes and strand thickness but the gel structure was
more open. In contrast to the KCl batter matrix, the
secondary gel from the coupled gel system of the 1.5 %
NaCl comminuted meat mix was still present, although
to a much reduced extent (see "th", Fig. 3C). These

The Effects of Chloride Salts on Meat Batters
Gordon and Barbut (1989) reported that cooked
meat batters prepared with different chloride salts exhibited different microstructures. Figures 4 and 5 indicate
that these reported differences probably result from microstructural differences initially present in the raw batter. All monovalent chloride salts produced relatively
even, diffuse matrices with highly interwoven strands
(Figures SA, B). The 2.5% NaCl treatment had a good

288

Microstructure of Meat Batters

Figure 7. SEM of two selected areas of divalent salt raw meat batters. A) MgC1 2 ; B) CaC1 2 . UF - unstable fat; Fe fat cell or cell cluster; FG - fat globule; bar = 10 f..Lm.
dispersion of stable, round fat globules in a diffuse,
cohesive matrix with small pores (Figs . 4A, SA and 6A).
The LiCl batter (Figs. 4B and SB) had a gel matrix
which was more dense than any other monovalent salt
batter due to a greater number of linkages between gel
strands. The fat globule dispersion throughout the matrix also appeared to be good (Fig 6B). Here, it should
be noted that the fat globules are seen as black/grey
spots for all treatments except LiCl in Figure 6. In this
treatment , they are shown as white/grey spots due to the
partial loss of fat from the sections during the sectioning
of this treatment.
Of the monovalent salt batters, the 1.5% NaCl
batter had the least even dispersion of fat globules
throughout its matrix (Figs . 4C and 6C) . The average
size of the fat particles appeared to be larger than in all
other monovalent salt treatments (Fig. 6C). In contrast,
the KCl batter had a good dispersion of stable fat globules of similar sizes in a diffuse matrix (Figs . 4D and
6D) . The 2 .5% NaCl appeared to produce the most even
distribution of fat particles in terms of size and numbers
per unit area of all the monovalent chloride salt treatments (Fig . 6). These results compare quite favourably
with observations on cooked batters prepared with the
same chloride salts (Gordon and Barbut, 1989) . Hence,
it appears that, for monovalent chloride salts, cooking
does not appreciably alter the structure of the batter
formed after comminution .
The microstructure of the raw batters made with
the divalent chloride salts differed greatly from each
other. MgC1 2 produced a batter with a protein matrix of
low integrity which had large pores and fewer interconnecting strands than any of the monovalent salt batters
(Figs. 3 and 4) . There was evidence of aggregation
within the matrix and large, irregular-shaped, and often
poorly dispersed fat particles were common (Fig. 4E).
TEM revealed that the matrix was highly aggregated,
with large, well linked tunnels which were often filled
with fat from unstable globules which lacked an intact

interfacial film (Fig. SC). The interfacial film is the
dark line which surrounds most fat globules in stable
meat batters (Borchert et al., 1967; Gordon and Barbut,
1990b). Although some stable globules were present,
the unstable fat was also evident by SEM (Fig. 7 A). LM
confirmed that the discontinuity of the protein matrix of
this treatment was ubiquitous. This may be the reason
for the much lower yield stress and viscosity of raw
poultry meat batters made with MgClt which was attributed to the specific effects of the Mg + ion (Barbut and
Mittal, 1988). The batter prepared using CaC1 2 had a
dense matrix with a fairly even dispersion of stable fat
particles (Fig. 4F). Some tunnelling of the matrix was
evident (Fig. SD), but the tunnels were not large and did
not appear to be as extensively interconnected as in the
MgC1 2 treatment (Fig. SC) . In addition , the majority of
the fat globules in the CaC1 2 batter retained their spherical shape and appeared to be protein coated (see fat
globules in Fig . SD) . These observations were also confirmed at lower magnification by LM (Fig. 6F). The
size of some of the stable particles in the CaC1 2 batter
suggested that these were probably fat cells or cell subfragments and not fat globules (Figs. 6F and 7B).
Cooked batters made with monovalent alkali metal
chlorides have been shown to be stable while those made
with MgC1 2 and CaC1 2 were unstable and had highly
aggregated matrices; the cooked CaC1 2 batter was more
aggregated (and unstable) than the MgC1 2 batter (Barbut,
1989; Gordon and Barbut, 1989). Hermansson et al.
(1986) observed that heating above the gelation point of
meat batters increased the tendency for phase separation
in aggregated gels (such as was observed in the divalent
salt batters) due to an increase in the degree of random
aggregation at elevated temperatures. They noted that
this effect would not be the same for ordered gel
structures consisting of strands because, in those
systems, the initial conditions are of primary importance
since they influence the dissociation of subunits and the
reassociation of these subunits to form strands. This is
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the situation which exists in monovalent salt batters.
Consequently, the dissimilarities observed between
cooked monovalent and divalent chloride salt batters
may be derived from basic differences in their response
to heating. It is interesting to note that although the
microstructures of cooked divalent salt batters were
similar (Gordon and Barbut, 1989), their raw batter
microstructures were very different (Figs. 3-7). This
strongly implies that the differences existing between
CaC1 2 and MgC1 2 batters in terms of stability and texture
result from different modes of action during batter
preparation and different reactions to heating.
Hermansson (1986) reported that all fat in raw
batters was surrounded by some kind of protein film
regardless of whether it was in the form of intact fat
cells, dispersed droplet or pools of fat. This appears to
be true for all treatments (including CaC1 2 Fig. 7B),
except the MgC1 2 batter (Figs. 5C and 7A). The latter
was also shown to release significantly more fat in the
raw state than the others when subjected to a centrifugal
force (Gordon and Barbut, 1989). Consequently, it is
suggested that MgC1 2 destabilizes meat batters because
of poor fat stabilization resulting from inadequate IPF
formation in combination with the formation of a weak,
incoherent matrix, filled with large discontinuities
(tunnels) in the raw state. It is very important to note
that the tunnels become filled with fat even before
cooking begins (Fig. 5C) and form a route out of the gel
matrix for unstable fat when a centrifugal force is
applied. Because of the large pores and weak nature of
the gel matrix, it cannot adequately physically entrap the
fat. On cooking, further aggregation and shrinkage of
the matrix occurs and the molten fat is therefore able to
leave the batter more easily. Hence, the majority of the
fat lost from MgC1 2 batters on cooking was probably
already unstable and "free" before heating began.
The mechanism by which CaC1 2 destabilizes meat
batters is different. Fretheim et al. (1985) found that
the greater the amount of myosin in the liquid phase of
a gel, the weaker the unheated gel will be because it is
made from less protein. Very little soluble protein is
extracted from meat by CaC1 2 during comminution
(Gordon, 1990), which implies that the majority of
protein is present in the gel phase. This would lead to
the very dense gel structure which exists in the raw
CaC1 2 batter (Figs. 3F and 5D). Furthermore, several
studies have shown that salt-insoluble proteins are
involved in fat binding and can form an IPF around fat
particles (Schut and Brouwer 1971; Schut, 1978; Gaska
and Regenstein, 1982; Huber and Regenstein, 1988;
Smith, 1988). It is therefore likely that some of the
insoluble protein in the CaC1 2 batter forms a protein coat
around fat globules, fat cells and cell clumps, and pools
of fat which helps to stabilize them (Fig. 7B). Other
proteins are also possibly involved in binding this IPF to
the protein matrix, an event known to occur in both raw
and cooked batters (Theno and Schmidt, 1978; Gordon
and Barbut 1990a, b). These actions are complemented
by the physical entrapment of fat by the very dense

CaC1 2 matrix. As a result, fat is prevented from coalescing to form continuous channels or pools within the
CaC1 2 batter prior to cooking.
When thermal energy is introduced into the batter
during cooking, it probably enhances protein-protein interactions and increases the effectiveness of Ca 2 + as a
cross-bridging agent. Since the matrix proteins are in
much closer proximity than in any other batter (Fig. 3),
massive aggregation takes place and this includes the
proteins which were initially involved in fat binding.
This could be the result of a change in the thermodynamics of the system to favour protein-protein interactions
over protein-lipid interactions, thereby causing widespread IPF disruption. The increased protein-protein interactions cause the small tunnels which were present in
the raw batter to become much wider and the unstable
molten fat is now free to leave the batter.
In summary, the comminution of chicken breast
meat with chloride salts was found to cause spontaneous
gel formation by the meat proteins at low temperatures
( < l2°C). These gels had different microstructures depending on the chloride salt used, suggesting that specific cation effects were dominant in determining gel
structure. Both 1.5% NaCl and KCl produced mixed
gels with at least two different gel forming components.
There was a change in the gel structure of all treatments
when lean meat was comminuted in the presence of fat
to form batters, the extent of which varied between
treatments. This suggests that fat binding in raw meat
batters affects the structure of the gel matrix and involves some of the same proteins which are used for gel
matrix formation. The MgC1 2 batter had a weak, highly
porous matrix and unstable fat. In contrast, the CaC1 2
batter showed comparatively good fat stabilization and
had a relatively cohesive matrix. These results suggests
that Mg 2 + ions destabilize meat batters mainly by causing extensive pre-cooking protein matrix aggregation and
poor fat stabilization because of insufficient IPF formation. This is exacerbated by cooking. Calcium ions appear to destabilize batters by causing widespread protein
aggregation during cooking which leads to more extensive fat and water losses than that caused by MgC1 2 .
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were, in fact, suggested to be the cause of the
differences between the treatments. Consequently, the
objectives of usiRg the same starting points to compare
treatments was achieved and allowed the interpretation
of the results on the basis of effects other than IS
differences.
With respect to the effects of fat on the IS calculations, it should be pointed out that the fat was added
after a significant amount of comminution had taken
place. By this stage, most of the ions would have been
dissolved in the aqueous phase of the batter and would
have achieved their major purpose: protein extraction.
Hence, the effect of fat on modifying the IS within the
aqueous phase of the batter at that point would be
inconsequential.

Discussion with Reviewers
M.B. Solomon: The sections used for light microscopy
were 1 J.Lffi thick. This is extremely thin and would be
too thin for successful cryo-sectioning. Authors used the
same blocks for TEM so perhaps this can account for
their success.
If this is the case, this should be
addressed.
Authors: Cryo-sectioning was not used in preparing the
slides for light microscopy. Sections were cut from the
same tissue block used for TEM and, therefore, the
thinness of the sections was not a problem.

B. Egelandsdal: In your electron microscopy preparation protocol, would it perhaps not have been better to
use a solution containing the relevant ions at the correct
ionic strength instead of HEPES buffer?
Authors: In chemical fixation for electron microscopy,
it is desirable to maintain both the pH and the osmolarity
of the fixation medium as close as possible to those of
the specimen. For poultry meat batters, the pH is usually in the range of 5 . 8 to 6 .2 (Lawrie, 1985). Therefore,
it is desirable to use a buffer which is effective in this
pH range and does not greatly affect the osmolarity of
the specimen. For these purposes, the zwitterionic buffers (in this case HEPES) are known to have advantages
over other buffers. This is why HEPES was used here.
It should also be noted that salt solutions are osmotically
active and would therefore not have been suitable for use
in the experiment.

M.B. Solomon: As reported in your study, there were
significant differences in the pHs of the different batters
and as a result this would have a significant influence on
the ionic strengths. Thus, ionic strengths would not be
similar for the batters; what effect would this have on
the results reported?
Authors: While there were significant differences
between treatments in terms of pH, we are unaware of
the effect of pH on ionic strength. The latter is a
function of the total number of dissolved ions in the
solution while pH is dependent on the free hydrogen ion
concentration within the solution. Therefore, it is not
apparent to us that solutions with different pHs must
necessarily have different ionic strengths.

M.B. Solomon: Sample preparation for SEM, TEM and
light microscopy required temperatures of 80°C, 60°C
and heat fixation, respectively. Authors do not indicate
what effect heating would have on the raw batters. This
would seem to have a confounding effect with respect to
the different salt treatments and meat mixes in assessing
characteristics of raw batters.
Authors: The preparation protocols for electron and
light microscopy involved chemical fixation of the specimen prior to any heating. The aldehyde mixture used
for primary fixation serves to cross-link (mainly) the
proteins within the specimen to such an extent that the
original substructure of the specimen is well preserved.
If other preparation conditions are optimized, the reactivity of the aldehydes is such that they will react with
any available active protein side groups. In addition, the
Os0 4 used for secondary fixation stabilizes the fat within
the specimen by, again, forming extensive cross-links
(Hayat, 1981). Hence, even before heating, the reactivity of both protein and fat side chains will have been
exhausted. The effect on curing (at 60°C) on the microstructure of the raw batters (subsequent to chemical
fixation) should therefore have minimal effect.

J .M. Regenstein: The calculations of ionic strength in
a real material, where activity coefficients might be
important, is probably different from those calculated on
paper.
Thus, the supposedly same ionic strength
conditions are probably not really identical. When one
adds the effect of binding of ions, which changes the
composition of the solution, it is even more likely that
the observations are not the same points. How does one
take into account the effect of having fat present on the
ionic strength calculations?
Authors: The ionic strength (IS) used was based on the
calculated IS obtained using NaCl at 2.5% of the total
meat block weight. All of the salts were added directly
to the meat at levels which would (theoretically) produce
an identical IS to that of 2. 5% NaCl. Therefore, at the
initial stages, all of the batters had the same "ionic
strength environment". Any selective binding of metal
ions which may have occurred during batter preparation
were discussed at length in the body of the paper and

J .M. Regenstein: Are we looking at a selected area, do
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the descriptions really coincide with what we see, and is
what we see an artefact of the preparation procedures?
Authors : We believe that the descriptions of the micrographs are a fair representation of the treatments.
Artifacts do present an impediment to easy interpretation
of micrographic data. However, the use of cryo-SEM to
study meat batters as described here, is a technique
which we developed (Gordon and Barbut, 1990a) and
have used with great success to produce reproducible
results. Furthermore, cryo-SEM itself has been exclusively studied, and the inherent artifacts characterized
(Echlin, 1978; Nei and Fujikawa, 1978; Sleytr and
Robards, 1978; Sargent, 1988). Hence, when used
properly the microstructure revealed by cryo-SEM is a
good representation of the actual hydrated structure of
the specimen with a minimum of artifacts.

prepared with KCl (Fig. lD). KCI has also been shown
to result in a different protein distribution pattern in the
aqueous phase, IPF and the protein matrix of the meat
batters (Gordon, 1990).

R. Hamm: Speculations on different effects of MgC12
and CaCl 2 in batters derived from the comparison of
Figures 4E with 4F (and also 3E/F and 6E/F) are not
plausible because the differences between the micrographs are not evident. For the same reason, it seems
not to be justified if the authors postulate that the
structure of MgC1 2 and CaC1 2 batters is similar after
cooking but is "very different" before cooking.
Authors: Our speculations on the different effects of
MgC1 2 and CaC1 2 in meat batters is based on the results
of this and other studies. In a previous study, (Gordon
and Barbut, 1989), we showed that CaC1 2 and MgC1 2 resulted in meat batters with similar cooked microstructures. In the Figures which you have indicated (Figures
3-6), close examination will show that the CaC12 batter
had a densely woven matrix with a good dispersion of
stable (albeit large) fat globules and particles which
appeared to be protein coated.

C.M. Lee: The sizes of fat globules in the batter shown
in your study appear to be in the range of 2-5 ~-tm which
are far smaller that what are seen in meat emulsion products (10-50 J.tm, commercially and laboratory) regardless
of the source of meat and fat. Can you explain this
discrepancy?
Authors: The chopping protocol employed in this study
was designed to achieve sufficient comminution to ensure a good distribution of fat throughout the batter.
This may account for the large number of smaller globules present in the batters. However, Figures 5, 6 and 7
show several globules which are clearly well above the
2-5 ~-tm size range.

C.M. Lee: Towards the end of the paper you state "the
insoluble protein in the CaCl 2 batter forms a protein coat
" How can the insoluble protein (could be either
sarcoplasmic or myofibrillar protein) form a film to coat
the fat globule? Are we to understand that first the protein is solubilized before this happens? Please give a
rationale to support your claim.
Authors: It has been widely accepted that for myofibrilJar proteins to form an interfacial film they must first be
solubilized; this is why high ionic strength (in the form
of NaCl) is used. However, several researchers have
also shown that insoluble proteins can be absorbed to interfacial films (Schut and Brouwer, 1971, Schut, 1978;
Perchonok and Regenstein , 1986a, b; Huber and
Regenstein, 1988). In addition, we have found that
CaC1 2 extracts very little protein form meat but still
forms a stable raw batter (Gordon,
1990).
Consequently, while it may be that soluble proteins are
preferentially adsorbed to form an interfacial film, insoluble proteins can also function in this manner. This can
be seen in Figure 5D where the IPF around fat globules
in the CaC1 2 batter appears to be part of the protein
matrix. We are currently looking into this phenomenon
further.

B. Egelandsdal : With regards to your description of the
gels containing 1.5 and 2.5% NaCl (Figures lA and
1C), it is interesting that the mixed gel appearance is not
present when more salt was added to the comminuted
meat (Figure 2A).
R. Hamm: With 2.5% NaCl, a more uniform gel structure was found whereas with 1.5% NaCl a multicomponental, mixed structure appeared (Figures 1A, C). This
is somewhat surprising because it is to be expected that
with 2.5% NaCl , more myofibrillar protein is extracted
than with 2.5% NaCl. Do the authors have an explanation for this phenomenon?
Authors : The thin -stranded network is seen in the system containing 1.5% NaCJ and not in that containing
2.5% NaCl mainly because of differences in protein distribution patterns among the phases within these two systems . As you indicated, 2 .5% NaCl does extract more
myofibrillar protein from meat than 1.5% NaCl
(Gordon , 1990). More importantly however, both treatments showed differences in the ratios and types of
protein extracted. The 2.5% NaCl extracted more of the
minor myofibrillar proteins into the aqueous phase of the
batter, thereby making less of these proteins available
(in their soluble form) for matrix formation. Hence, the
occurrence of the multicomponent gel in the 1.5% batters is probably a result of the differential protein
extraction. It should be noted, however, that the thinstranded structure was also seen in the comminuted meat

C.M. Lee: In the summary you state " ... the CaC12 batter showed comparatively good fat stabilization ...
You also say that " ... massive aggregation takes place"
and CaC1 2
favor protein-protein interaction over
protein-lipid interaction, thereby causing widespread IPF
disruption". Compared to these statements your previous study showed that CaC1 2 .did not produce stable fat
stabilization. How can you justify the statement "good
fat stabilization" even though you say "comparatively"?
Authors: In our previous study (Gordon and Barbut,
II.
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bly play a role in structure formation (especially calcium, which is known to have strong affinity to some of
the muscle proteins) and have suggested this in this
study. We believe that there is much need for further
research in this area.

1989) we found that CaC1 2 produced unstable cooked
batters. However, in this study, we were examining fat
stabilization in the raw batter and found that, in comparison to MgC1 2 , CaCI 2 did produce stable raw batters
(Figs. 5 and 7). This is consistent with the findings pf
the previous study (Gordon and Barbut, 1989) where we
reported that CaC1 2 raw batters were stable while MgC1 2
raw batters were unstable (using centrifugal force). In
fact, the CaC1 2 raw batters were stable, even when compared to the monovalent chloride salt treatments, although the CaC1 2 batters appeared to have fat globules
with larger average sizes (Gordon, 1990)
With reference to the effect of CaC1 2 on proteins,
it appeared that CaC1 2 affected the meat batter system so
as to promote the formation of stable protein-protein
linkages. This would be at the expense of potential protein-lipid binding, since the same proteins are involved
in both types of interactions. It appears that these protein-protein interactions become more widespread during
cooking. Consequently, while CaC1 2 raw batters are
relatively stable, during cooking, protein-protein
aggregation combined with IPF disruption result in
batter instability.

C.M. Lee: You indicate that a gel phase was formed in
raw meat batters. How can the gel phase exist or be
formed in the raw comminuted state unless the batter
was allowed to cold set?
Authors: The term cold setting is normally applied to
surimi-type products where a gel structure is set up after
incubation at low temperatures (- 4 o C). However, in
our system, the gel structures appeared to be formed
during comminution and did not require incubation of
the batters. This phenomenon has consistently been
found in our other studies (Gordon and Barbut, 1990a;
Gordon, 1990) and has also been discussed by Katsaras
and Peetz (1989). The gel formation, in this case, appeared to be the result of the introduction of significant
amounts of mechanical energy into a system which is
predisposed to gel formation, combined with myofibrillar disruption and orientation of myofibrillar components
such that gel formation is favoured. The use of high
ionic strength (the chloride salts) seems to further
enhanced this process.

J.M. Regenstein: The shift in pH with the different divalent salts is a concern. Since no pH adjusted samples
were used for comparison (i.e. NaOH or HCl adjusted),
the separation of ion specific effects from pH effects
becomes difficult. Please comment.
Authors: Several studies have shown that, while pH affects batters stability, its effects are not simple (Trout
and Schmidt, 1983; Whiting and Richards, 1978). We
have also previously found that pH was not the main determinant of batter stability (Gordon and Barbut, 1989).
Whiting and Richards ( 1978) showed that the effects of
different divalent chloride ions at the same pH were different, depending on the specific ion involved. In the
present study, LiCl produced a microstructure which was
closer to that of CaCI 2 than did MgC1 2 , although the pH
of the MgC1 2 raw batter was closer to that of CaC1 2 . In
addition, MgCI 2 formed a structure which was more
similar to that of 2. 5% NaCI , although its pH was much
lower that of this latter treatment. These results further
indicate that it is the specific ion effects, and not the pH
effects, which were dominant in the comminuted meat
preparations. Nevertheless, a study involving pH adjusted samples is being planned .

J.M. Regenstein:

A distinction should probably be
made between a matrix that sets up with undissolved,
undenatured (possibly) proteins of meat at low temperatures and the classical cooked gel. The cold gel of myosin also needs to be carefully considered, along with the
difference between aggregation and these above terms
i.e., matrix and gel (this gel has been known for many
years and is routinely considered by biochemists who
rarely keep myosin for more than two weeks in the
cold) . However, the fact that the ATPases essentially
remain unchanged during that period suggests that this
gelation may involve minimal denaturation. Please
comment.
Authors: It was not our intention to suggest that the gel
formed in the raw batter was the same as the classical
cooked batter gels. However, it was proposed that some
of the same interactions which are involved in thermallyinduced gelation may be involved here. In this respect,
it should be noted that other workers have shown that
only a modest change in gel structure occurs when gels
formed at low temperatures are heated (Nakayama et al.,
1985; Hermansson et al., 1986). Furthermore, more recent studies involving chemical modification of protein
functionality have shown that some of the interactions
often ascribed to thermally-induced gelation appear to be
mainly active during raw batter gel formation (Gordon,
1990). This further supports the suggestion that the raw
batter gels, although different from the cooked meat batter gels, represent an important stage in the process of
manufacturing meat batters.
We are aware of the fact that aggregation of pure
myosin in the cold has been documented. Nevertheless,
II

R. Hamm: With regard to the effect of monovalent and
bivalent cations on comminuted meat, an old observation
should be mentioned according to which , at pH greater
than the isoelectric point of myosin, all chlorides increase the swelling and water holding capacity of the
system, bv.t chlorides of bivalent cations less than those
of monovalent cations . This was explained by the
stronger binding of the bivalent cations to the myofibrillar proteins (Hamm, 1957). Perhaps such ion effects
also play a role in the formation of gel structures.
Authors: We also believe that specific ion effects possi-
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to our knowledge, it has not been shown that aggregation
of myosin takes place in an orderly fashion to form a
well structured network. Furthermore, microstructural
evidence has not previously been presented to show that
this phenomenon occurs in a complicated system such as
a commercial-type meat batter. We are of the opinion,
therefore, that the information presented here should
contribute to clarify the nature of the complex systems
which comprise meat batters .
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S.H. Cohen:

Was some type of image analysis performed to provide quantitatively support for your
observations?
Authors: No, but we acknowledge that image analysis
would have been useful and strengthened the work
reported in this paper.
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